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[57] ABSTRACT

A continuously variable traction drive transmission of
the class including three working bodies, two of which
are concentric with a first transmission axis, the other of
which is concentric with a second axis intersecting and
inclined with respect to the first axis, and wherein the
angle of intersection subtending the axes is large acute
angle so that the points of rolling friction contact al-
ways lie between the intersecting transmission axes. The
body concentric with the second axis includes two op-
positely convergent cone-like rolling surfaces of revolu-
tion about the second axis which are held in rolling
friction engagement with annular plate-like members

forming one of the two bodies concentric with the first
axis. The other of the two bodies concentric with the

ﬁemper """""""""""""""""" ;iﬁg; first axis carries the body on the second in nutation and
Cﬁ;ﬁﬂ? """""""""""""""""" 74/796 continuously variable speed ratios are achieved by ad-
THE oo, 74/600  JUSHNg the Cone members relative to the plate members.
Kemper et al. .........couuuenenee. 74/191
I3 31£7o3 ¢ S 74/796 23 Claims, 10 Drawing Figures
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RADIALLY ORIENTED NUTATIONAL TRACTION
DRIVE TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation-in-part of U.S. Applications

Ser. No. 694,964, filed Jan. 25, 1985, now abandoned,

and Ser. No. 705,647, filed Feb. 26, 1985, now aban-
doned.

BACKGROUND OF THE INVENTION

This invention relates to continuously variable trans-
missions and, more particularly, it concerns a unique
geometry for such transmissions by which such factors
as the range of available speed ratios, reduction in over-
all transmission length, and adaptability to existing
power train configurations is improved relative to prior
transmissions of comparable performance.

U.S. Pat. Nos. Re. 29,328, Re. 30,981 and 4,112,780
exemplify several embodiments of a continuously vari-
able, mechanical power transmission in which three
frame-supported working bodies operate to transmit a
mechanical power input to a rotatable output at infi-
nitely variable output/input speed ratios within the
design range of the transmission. For purposes of defini-
tion 1n this background discussion as well as in the ensu-
ing detailed description of the present invention and in
the appended claims, the three working bodies may be
termed, respectively, an “alpha body” which is sup-
ported by the transmission frame to be concentric with
a first or primary transmission axis, a “beta body” which
i1s supported by the alpha body to be concentric with 2
second axis inclined with respect to and intersecting the
first axis at a point of axes intersection, and an “omega
body” carried by the frame to be concentric also with
the first axis. Although any one of these three bodies
may be rotatable on the respective axes with which they
are concentric, one of the three is held against rotation
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to provide a reaction torque whereas the other two 40

bodies are rotatable and coupled either directly or by

gearing to the respective input and output shafting of

the transmission.
It 1s to be noted that the terms “alpha body,” “beta

~, body” and “omega body” are completely arbitrary and

as such, do not restrict the components designated
thereby either to the class of transmission represented
by the disclosure of to the aforementioned patents or to
specific structure to be described hereinafter. The terms
will, however, lend consistency of definition in the
description to follow and facilitate an understanding of
various speed relationships to be expressed by algebraic
equations.

The continuously variable speed ratio capability of
such transmissions is achieved by providing one of the
beta and omega bodies with a pair of rolling or traction
surfaces which are of revolution about the concentric
body axis and which- are of variable radii along that axis
In symmetry with the point of first and second axes
intersection. Physically, the rolling surfaces thus de-
fined may be provided at the ends of a generally cylin-
drical beta body rolling against generally plate-like
omega body members as in U.S. Pat. No. Re. 29,328, or
one of the beta and omega bodies may be of biconical
configuration and extend within the other of the beta
and omega bodies, the latter being manifested as a pair

of ring members as represented by several of the em-
bodiments disclosed in U.S. Pat. No. Re. 30,981. The
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pairs of rolling surfaces on the beta and omega bodies
are retained in frictional engagement with each other at
two contact points or zones.capable of positional adjust-
ment to vary the ratio of the beta body surface radius
(R5) to the omega body surface radius ng). Thus, if the
alpha body is rotatable at a velocity (a) about the first
axis, the rotational speed of the beta body about the
second axis in the (a) frame of reference is (8) and the
rotational speed of the omega body on the first axis is
(w), then the respective speeds of the three bodies are
related by the following equation:
cﬁ-&+§* Rs/R,, =0. (N

A generally preferred mode of operating such trans-
missions has been to apply an input torque to the alpha
body to carry the beta body in nutation and hold the
omega body against rotation (5:0). The beta body is
linked with an output shaft rotatable on the first axis by
gearing having a ratio factor (k) which theoretically
may be of any value and also may be made either posi-
tive or negative depending on the particular gearing
arrangement used. In light of the foregoing, where 8 is
unit output speed and taking into account the gearing

ratio (k), the output/input speed ratio of the unit is
determined by an equation:

6/a=1—kp. 2)

A principal advantage of operating in the mode rep-
resented by equation (2) is that the physical parameters
of such transmissions readily accommodate a range of
values for the function (Kp) which permit a continu-
ously variable output/input speed ratio range of from
zero to 1 (1.0<kp>2.0). Also, this range may be shifted
to include an output reversal through zero merely by
selecting a gear ratio (k) so that the function (kp) brack-
€ts a numerical value of 1 (e.g., 1.5>kp>0.7).

A geometric characteristic common to all embodi-
ments of traction drive transmissions represented by the
disclosures of the cited patents is that the points of roli-
ing friction contact, which are in a plane containing the
first and second axis, always lie outside of the areas of
that plane subtended by the first and second axes. This
characteristic of the prior transmissions is due in part to
the relatively small angle subtending the first and sec-
ond axes but the size of that angle is not the sole contrib-
uting factor. The geometric variation available to roil-
ing surface configuration is also a factor. Although a
wide variety of rolling surface configurations may be
used in the prior transmission embodiments, it is be-
lieved that the described geometric characteristic has
the effect of limiting the range of available beta/ omega
surface radius ratios and thus the intrinsic speed ratio
range of the transmission.

While traction drive transmissions of the class exem-
plified by the aforementioned patents have demon-
strated a capacity for highly efficient operation in the
transmussion of power at any speed ratio within the
range of the transmission design, the geometry of such
transmissions is also restrictive to dimensional propor-
tioning. For example, in embodiments involving cir-
cumferential enclosure of the beta and omega bodies,
one within the other, speed ratio range is limited to
variation of the radius ratio factor p which can be
achieved by axial movement of the omega rings along
the surfaces of the beta cones. Increased speed ratio
range can be accomplished either by additional gearing
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or by increasing the axial length of the transmission.
While the increased length is not a problem to many
drive line applications, it can be a serious impediment to
use of the transmission particularly in automobile drive

trains where space available for an engine/transmission
assembly is limited. This is especially true of front-
wheel drive power trains for automotive vehicles.

SUMMARY OF THE PRESENT INVENTION

In accordance with the present invention, the prob-
lems associated with dimensional proportioning and
speed ratio range in prior continuously variable traction
drive transmissions of the class described, are substan-
tially avoided by orienting the axis of the beta body or
the “second axis” with respect to the axis of the alpha
body or the primary transmission axis so that the previ-
ously defined points of rolling friction contact always
lie between the first and second axes.

The beta body is again retained by the alpha body in
rolling frictional engagement at the two points of
contact with an omega body which is in the form of a
pair of annular plates disposed on opposite sides of the
beta body. The radius ratio affecting output speed 1s a
function of both the varying radius of the cone members
on the beta body and a varying radial distance between
the beta/omega contact points and the primary trans-
mission axis. The alpha body is a disk-like member with
a maximum thickness at its center adequate to encom-
pass the near radially oriented beta body. The assembly
of the alpha and beta bodies approaches in configura-
tion that of a thick flywheel and may be used as such in
an automotive drive line, for example. Moreover, the
overall transmission length is little more than the com-
bined width of the maximum diameter of the beta body
and the thickness of the plate-like omega bodies.

In one embodiment, cone members of the beta body
are splined or otherwise slidably mounted for rotation
with a common supporting shaft which, in turn, is re-
strained against axial movement from a position of ra-
- dial balance with the alpha body. The axial position of
the cone members on the shaft is controlled preferably
by hydraulic piston/cylinder units. Power output from
the transmission is from a stub shaft rotatable on the
- primary transmission axis and coupled directly to the
shaft of the beta body by bevel gearing.

In an alternative embodiment, the cone members are
integral with the shaft of the beta body and variation in
radius ratio is effected by varying the angle of first and
second axes Intersection in combination with variation
of the spacing between the omega plates. In this in-
stance, as well as with the first-mentioned embodiment,
power output may be taken from a gear keyed to the
beta body, through an idler gear rotatably supported on
the alpha body, and to an output gear rotatable concen-
trically with the alpha body on the first axis.

In a further alternative embodiment, the omega plates
are maintained in fixed positions as a result of a beta
body construction capable of effecting the radius ratio
variation needed for a range of speed ratios. In this
embodiment the beta body cones are adjustable along
the second axis as in the first mentioned embodiment
and, in addition, the angle of axes intersection is adjust-
able as in the second embodiment

A principal object of the present invention is, there-
fore, the provision of a nutational traction drive trans-
mission having a geometry which contributes both to
increased speed ratio range and shortness of overall
transmission length. Other objects and further scope of
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applicability of the present invention will become ap-
parent from the detailed description to follow, taken in
conjunction with the accompanying drawings in which
like parts are designated by like reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross section in a longitudinal plane con-
taining the intersecting transmission axes of one em-
bodiment of the invention;

FIG. 2 is an end elevation in partial section on line
2—2 of FIG. 1, at a reduced scale, illustrating one side
of the transmission alpha body in the embodiment of
FIG. 1;

FIG. 3 1s an enlarged fragmentary cross section on
line 3—3 of FIG. 1;

FIG. 4 1s a fragmentary side elevation illustrating
schematically an adjusting mechanism for the omega
plates of the invention;

FIG. 51s a cross section like FIG. 1 but illustrating an
alternative embodiment of the invention;

FIG. 6 is a cross section illustrating a variation of the
alternative embodiment iliustrated in FIG. 5;

FIG. 7 1s an end elevation similar to FIG. 2 but illus-
trating the alpha and beta bodies of the embodiment of
FIG. 6;

FIG. 8 is an enlarged fragmentary cross section on
line 8—8 of FIG. 7;

FIG. 9 is a schematic diagram illustrating a hydraulic
control system for the embodiment of FIGS. 5-8; and

FIG. 10 is a cross section like FIG. 1 but i1llustrating
a further embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIG. 1 of the drawings, an embodiment of a trans-
mission unit in accordance with the present invention 1s
generally designated by the reference numeral 10 and
shown to include a frame in the form of a casing having
two annular parts 12 and 14 secured to each other and
to a fixed support 16 by bolts 18. It will be appreciated
that the fixed support 16 may be the block of an engine,
for example or the frame of a power plant (not shown).

Supported within the casing 12, 14 for rotation on a
first axis 20 is a disk-like alpha body 22. An input shaft
24 in the illustrated embodiment extends integrally from
one side of the alpha body 22 and 1s rotatably supported
on the axis 20 from the casing part 14 by a bearing 26.
The. opposite side of the alpha body 22 projects as an
integral hub 28 supported also for rotation on the axis 20
by a bearing 30 in the casing part 12. The bearings 26
and 30 are designed to permit axial movement of the
shaft 24 and the hub 28 relative to the casing parts 12
and 14 for reasons to be explamned below. In this con-
text, the hub 28 and shaft 24 are shown in the extreme
left positions in FIG. 1.

A beta body of overall biconical configuration in the
illustrated embodiment 1s designated generally by the
reference numeral 32 and is supported by the alpha
body for rotation on a second axis 34 which intersects
the first axis 20 at an angle a, which in the illustrated
embodiment, approaches but is less than 90°. The beta
body is an assembly of components including a central
shaft 36 supporting a pair of beta cone members 38 and
40 at opposite ends. Each of the cone members 38 and
40, in the embodiment of FIG. 1, define an external
convex beta rolling surface 41 of revolution about the
second axis 34. The cones 38 and 40 are linked for rota-
tion with the shaft 36 by splines 42 and 44 on the equiva-
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lent thereof so as to be adjustable along the second axis
34 relative to the shaft 36. The cones 38 and 40 termi-
nate at their outer ends in cylindrical bearing sleeves 46
and 48 which are supported in the alpha body 22 by
needle bearings 50 and 52, respectively.

The axial position of the cones 38 and 40 is controlled
by hydraulic piston/cylinder units, which for the cone
38, 1s defined by a piston 54 secured on the shaft 36 and
In sealing engagement with an inner cylindrical surface
56 on the cone 38. An annular seal 58 secured to the
base of the cone 38 establishes a seal with the inner
portion of the shaft 36 whereas an O-ring seal or equiva-
lent 60 effects a sliding seal between the sleeve 46 of the
cone 38 and a cylindrical end portion 62 on the shaft 36.
The hydraulic piston/cylinder unit for the cone 40 is
identical to that described for the cone 38 so that no
further description thereof will be given. Hydraulic
fluid under pressure to both piston/cylinder units is
supplied through the shaft 24 by way of a port 64
through the end of the alpha body 22 to a central con-
duit 66 in the shaft 36.

The shaft 36 is retained against movement on the axis
34 by thrust bearings 68 between opposite ends of the
shait and the alpha body 22. Thus, all reaction to forces
exerted on the cones 38 and 40 by hydraulic pressure,
centrifugal force and the like is absorbed in the shaft 36
and the alpha body 22.

Supported by the respective casing parts 12 and 14 of
the transmission frame are a pair of annular omega
plate-like members 70 and 72 each having a radially
concave omega rolling surface 73 of revolution about
the first axis 20 in the illustrated embodiment to cooper-

ate with the shape of the cones 38 and 40 thereof. In a
functional context, the omega plates 70 and 72 are fixed
against rotation with respect to the casing parts 12 and
14 though one or both may be rotatably adjustable as a
means for varying the distance between the two plates
70 and 72. In the illustrated embodiment, the plate 72 is
fixed to the casing part 14. The plate 70, on the other

~ hand, is supported against the interior of the housing

- part 12 by balls 74. As may be seen in FIGS. 3 and 4, the

balls 74 lie in ramps 76 and 78 machined in the plate 70
and casing part 12, respectively. By rotational adjust-
ment of the plate 70, such as by a worm 80 under the
control of a motor 82 as shown in FIG. 4, the balls 74
and ramps 76 and 78, arranged symmetrically about the
plate 70, will operate to advance the plate 70 axially
toward and away from the casing part 12 and thus
toward and away from the opposing omega plate 72.
- Power output from the transmission unit 10 is
through a stub shaft 84 supported for rotation on the
first axis 20 independently of the alpha body by bearings
86 between the shaft 84 and the inside of the alpha body
hub 28. The shaft 84 carries a bevel gear 88 in mesh with
a bevel gear 90 which is keyed or otherwise linked for
direct rotation with the beta body shaft 36.

The disk-like configuration of the alpha body 22 may
be appreciated from the illustration in FIG. 2 of the
drawings. The beta body 32 is supported within the
alpha body 22 so that the cones 38 and 40 are presented
at opposite sides through windows 92 and 94 in the
alpha body. Also, it will be appreciated that although
the alpha body is illustrated in the drawings as a single
part, it may, in practice, be formed of two parts divided
' In a central radial plane to facilitate assembly of the beta
body therein. The two parts could then be secured such
as by bolting throughout the region unoccupied by the

10

15

20

25

30

35

45

30

33

60

65

6

end journals on the beta body 32 and the windows 92
and 94.

In light of the foregoing and with reference again to
FIG. 1 of the drawings, it will be appreciated that be-
cause of the angle a between the axes 20 and 34, the
cones 38 and 40 of the beta body 32 are presented one to
each side of the alpha body 22. As a result, the outer
rolling surface 41 of the cone 38 will engage the rolling
surface 73 on omega plate 72 at a point P1 whereas the
surface 41 of the other cone 40 will engage the surface
73 on the omega plate 70 at a point P2. Thus, the effec-
tive radius of the beta body, Ry, will be determined by
the location of the contact points P1 and P2 along the
axial extent of the surfaces 41 on the cones 38 and 40.
The effective radius of the omega plates 70 and 72 or
Rw is the distance from the first axis 20 out to the re-
spective contact points P1 and P2. In light of the geom-
etry of the transmission, the radius ratio p can be made
to vary from a value of approximately 1 to a maximum
value of approximately 6. Also the ratio factor k of the
gears 88 and 90 may be designed so that the radius or
number of teeth on the beta shaft carried gear 90 di-
vided by the number of teeth or radius of the gear 88 on
the output shaft will have a value of 1 or slightly under
I such as for example 0.8. Assuming the gear ratio fac-
tor k to be 0.8 the range of output/input speed ratios
avatlable may be appreciated by substituting the given
numeric values of p and k in equation (2) above.

Thus, where p=1, as when the contact points P1 and
P2 are closest to the first axis 20, the output/input ratio
will be +0.2 whereas when p=6, as when the contact
points are remote by positional take the positioning
shown in FIG. 1, the output/input ratio will be —3.8.
Moreover, it will be seen that the transmission can ac-
commodate a modest range of ratios in one direction, be
adjusted to a zero output (kp==1), and provide a signifi-
cant range of speed ratios in the opposite direction

which would correspond to “forward” drive in a vehi-
cle.

Operation of the illustrated embodiment in accor-
dance with equation (2) is accomplished by initially
driving the alpha body in rotation to carry the beta
body in forced precession with the axis 34 revolving on
the first axis 20 and with the cones 38 and 40 retained by
hydraulic force so that kp=1. The orbital movement of
the cones 38 and 40 will correspond directly to the input
speed or the rotational speed of the alpha body but with
no rotation of the shaft 84. Thereafter, the plates 70 and
72 may be adjusted outwardly and the cones 38 and 40
forced outwardly into frictional engagement with the
plates 72 and 70 to progressively increase the radius
ratio and the value of the function kp. Rolling friction of
the cones 38 against the fixed omega plates 70 and 72
causes rotation of the shaft 36 and gear 90 to drive the
output gear 80 and output shaft 84. Adjustment in the
radius ratio is effected by the control motor 82 and
resulting movement of the omega plates 70 and 72
toward and away from one another. As the plates 70
and 72 move toward each other, the cones 38 and 40 are
adjusted inwardly by hydraulic pressure in the respec-
tive piston/cylinder units, toward the axis 20, to in-
crease the radius R, and decrease the radius R,, or to
decrease the ratio factor p. The force required to avoid
slippage of the cones on the plates is provided by a
combination of centrifugal force and force developed
by the hydraulic piston/cylinder units associated with
each of the cones and the axially fixed shaft 36. Also and
because of the above described axial freedom in the
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bearings 26 and 30, the alpha body is permitted a small
range of axial movement where adjustment of the
omega plates is effected by movement of only one such
plate. In this way the alpha and beta bodies will be
centered between the omega plates 70 and 72.

An alternative embodiment of the invention 1s 1illus-
trated in FIG. § of the drawings where parts corre-
sponding directly to parts previously described with

reference to FIGS. 1-4 are designated by reference
numerals to which the value 100 has been added. Hence

as in the previous embodiment, the transmission unit 110
in FIG. 5 includes a frame defined by a pair of housing
parts 112 and 114, an alpha body 122 rotatable about a
first axis 120, a beta body 132 concentric with a second
axis 134 and a pair of omega plates 170 and 172 which
define opposed omega surfaces 173 of revoiution about
the first axis 120. The major difference between the
transmission embodiment 110 of FIG. § and the embodi-
ment of FIGS. 1-4 is that the cone members 138 and 140
of the beta body 132 are integral or otherwise fixed
directly to a central shaft section 136. The radius ratio
R./Rp is adjusted in this embodiment of the invention
by axial movement of the omega plates 170 and 172
toward and away from each other as in the previous
embodiment but with a corresponding adjustment 1n the
angle a subtending the intersecting first and second axes
120 and 134. To achieve this latter adjustment, cylindri-
- -cal end portions 146 and 148 of the beta body 132 are
journaled by needle bearings 150 and 152 in externally
spherical races 153 pivotally associated with hydraulic
pistons 155 operating in hydraulic cylinders 157 at the
outside of the alpha body 122. In light of this arrang-
ment, an increase in the angle a will result in a shifting
of the contact points P1 and P2 inwardly or toward the
base of the cones to increase the radius Ry and reduce
the radius Ry. Correspondingly, a decrease in the angle
a will shift the points P1 and P2 outwardly to decrease
the radius R and increase the radius R,,.

In the embodiment of FIG. §, the convex/concave
- relationship of the beta and omega surfaces 141 and 173
respectively, is inverted or reversed with respect to the
embodiment shown in FIG. 1, for example. In other
words, the cone members 138 and 140 are defined by
generatrices about the second axis 134 which are axially
concave whereas the generatrices defining the omega
surfaces 173 are convex to complement the surface
configurations of the cone members 138 and 140. While
the curves defining the generatrices of the respective
beta and omega surfaces 141 and 173 may assume a wide
variety of curvilinear configurations, where the genera-
trices are the arcs of a circle, it is required only that the
- radius of curvature defining the concave beta surfaces
141 be larger than the radius of curvature defining the
omega surfaces 173. The inverse of this relationship 1is
also true of the embodiment 1illustrated in FIG. 1.

The output gearing in the transmission embodiment
110 of FIG. 5 differs from that shown in FI1G. 1 primar-
ily to accommodate the variable angle a between the
first and second axes 120 and 134. Specifically, a bevel
gear 188 on the output shaft 184 is again used but, in this
instance; it meshes with an idler bevel gear 189 carried
by the alpha body 122 to be rotatable on an axis perpen-
dicular to a plane including the first and second axes 120
and 134. The idler gear 189 meshes with a bevel gear
190 fixed to the cone member 138 which cooperates in
rolling friction contact with the omega plate 170 lo-
cated opposite from the output shaft 184. Because of
this latter relationship, meshing of the gears 190 and 188
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will be avoided. The inclusion of the idler 189 allows
meshing of the gears 190, 189 and 180 as simple bevel
gears without any adverse effect as a result of varying
the angle a between the first and second axes 120 and
134 which, as indicated, lie in a plane perpendicular to
the axis of the idler gear 189.

A variation of the embodiment described with refer-

ence to FIG. § i1s illustrated in FIG. 6-8 of the drawings.

In FIGS. 6-8, the reference numerals used in FIG. 5 are
repeated for those parts which are identical in structure

and function.

From the illustration in FIG. 6, it will be apparent
that the illustrated variation differs from the embodi-
ment of FIG. 5§ primarily in that the rolling beta surfaces
141 on the beta body 132 extend completely to the ends
of the beta body rather than to journalled shafts at the
ends of the same body. As a result, an increased range of
beta/omega surface radu are avatlable for a transmis-
sion of given dimensions. This 1s made possible by the
use of cradle bearings 1532 and 1535 which extend only
partially about the circumference of the cones 138 and
140 at their outer or small ends. The cradle bearings
153a and 153) are located on opposite sides of the beta
body and more specifically, on the side of each cone 138
and 140 opposite from the respective points of rolling
friction contact P1 and P2. A more complete under-
standing of the construction of the cradle bearings 153a
and 153b, as well as the variation in the construction of
the alpha body 1224, may be appreciated from FIGS. 7
and 8 of the drawings. |

As shown in FIG. 7, the alpha body 1224 is again a
generally circular body supported by the hub 128 and
shaft 124 but of a diameter less than the length of the
beta body 132. The alpha body 1224 is circumscribed by
a ring-like member 122b pivotally supported from the
alpha body 122a by pivot axles or shafts 195 on an axis
135. As may be seen in FIG. 7, the axis 135 is perpendic-
ular to the plane containing both the first and second
axes 120 and 134, respectively, and which have been
described above.

As indicated, the saddle bearings 153a and 1530 are
presented to opposite sides of the beta body 132 and are
observed as such in FIG. 7. To effect an adjustment in
the magnitude of the angle a of first and second axes
intersection, opposing pairs of hydraulic piston/cyiin-
der units 157 extend between ear-like formations 159 on
the alpha body 122¢ and semicylindrical tabs 161 on the
ring member 122b. The specific engagement of the pis-
ton 155 of the units 157 with the ring 1226 may be ob-
served in FIG. 8. In light of the opposed pairs of hy-
draulic piston/cylinder units, it will be appreciated that

~ the bearing saddles 153a and 1535 may be adjusted to
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carry the surfaces 141 on the cone members 138 and 140
forceably into engagement with the omega surfaces 173
at the two points of rolling friction contact P1 and P2.
The connection of the saddle bearings 1534 and 1535 by
the structure of the ring-like member 1225 ensures sym-
metrical application of force by the piston/cylinder
units 157 to opposite ends of the beta body 132.

In FIG. 9 of the drawings, a hydraulic control system
is shown schematically for use particularly, though not
exclusively, with the embodiments of FIGS. 5-8 of the
drawings. In FIG. 9, the beta body 132 and the relevant
components thereof are schematically represented to-
gether with the omega plate 170 which, when adjusted
rotatably, cooperates with the ball ramps 174 to vary
the distance between the omega surfaces 173. In this
connection, it is to be understood that movement of the
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omega plate 170 in the direction of the arrow 171 will
cause the plate 170 to move toward the plate 172
 (FIGS. 5 and 6) as a result of the ball ramp system
described above with reference to FIG. 3 of the draw-
ings. Also in this connection, it will be recalled that
such movement of the omega plates toward one another
will be accompanied by an increase in the angle a sub-
tending the first and second axes 120 and 134 respec-
tively to shift the location of the contact points P1 and
P2 and thus change the transmission speed ratio
through variation of the radius ratio factor p.

The hydraulic control system includes a pair of pis-
ton/cyhinder units 200 and 202, respectively. The unit
200 includes a piston 204 slidable in fluid-tight relation-
ship with an inner cylindrical chamber 206 whereas the
unit 202 includes a piston 208 similarly slidable in an
interior cylindrical chamber 210. Although the pistons
operate in separate cylindrical chambers 206 and 210,
they are interconnected mechanically by a rod 212. The
piston 208 of the unit 202 is mechanically connected
directly by a piston rod 214 and link 216 to the periph-
ery of the omega plate 170.

The piston 204, which may be considered as an “ad-
justing piston”, is positioned by hydraulic fluid supplied
from a sump 218 by a low pressure pump 220 under the
control of a slide valve 222, in turn controlled by suit-
‘able means such as a manually actuated lever 224. When
the shde valve is in the position illustrated in FIG. 9, the
discharge of the pump 220 is fed through a line 226 to a
nozzle 228 for general lubrication of parts within the
casing of the transmission embodiments illustrated in
FIGS. 5 and 6. When the slide valve is adjusted so that
ports 230 register with lines 232 and 234, the piston 204
will be moved to the left as a result of hydraulic fluid
- under the pressure of the pump 220 being fed through
the line 234 whereas hydraulic fluid to the left of the
piston 204 is vented back to the sump 218 through the
line 232. Adjustment of the slide valve so that the
crossed ports 236 register with the lines 232 and 234 will
effect a reversal of the direction of movement by the
- piston 204.

The piston 208 in the unit 202 may be termed a “forc-
ing piston” and its movement in the cylinder 210 is
effected solely by its connection via the rod 212 with
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the positioning piston 204. The chamber defined by the 45

piston 208 and that part of the cylinder 210 to the left of
the piston 208, as illustrated in FIG. 9, is filled with
“hydraulic fluid 238. The hydraulic fluid 238, INOTEOVET,
fills conduits 240 extending to the cylinders 157 in
which pistons 155 work to change the angle a of axes
Intersection associated with the beta body 132. A vari-
able displacement, high pressure, low capacity, pump
242 1s included to supply hydraulic fluid from the sump
218 to the chamber containing the hydraulic fluid 238
and an actuator controlled pressure release valve 244 is
provided to relieve pressure developed by the pump
242.

In practice, the diameter of the piston 208 is selected
so that the volumetric displacement of the hydraulic
fluid 238, upon movement of the piston 208 to adjust the
omega plate 170, is proportional to the fluid displace-
~ment in the beta body actuating cylinders 157 required
for adjustment of the angle a of axes intersection to
accommodate the movement of the omega plate 170. In
this connection, the inclination of the ramps 76 and 78
(FIG. 3) resulting in axial movement of the plate 170 in
response to rotational positioning thereof is also corre-
lated with the volumetric displacement of the hydraulic
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fluid upon movement of the piston 208. Because of this
relationship, movement of the piston 204 and piston 208
will result not only in axial posttioning of the omega
plates 170 and 172 but also of a withdrawal of hydraulic
fluid from the cylinders 157 to increase the angle a of
axes ntersection or the angular inclination of the beta
body 132. Such movement, which is effected by the low
pressure pump 220, 1s primarily positional for speed
ratio adjustment only. The pump 220 is not used to
force the beta surfaces 141 into rolling friction engage-
ment with the omega surfaces 173. This latter function
1s served by the variable displacement high pressure
pump 242 simply by increasing the pressure of the hy-
draulic fluid 238 against the forcing piston 208. Because
the high pressure pump 242 requires very low volumet-
ric capacity and also because it may be operated be-
tween zero discharge and discharge necessary to de-
velop the required pressure on the hydraulic fluid 238,
the energy expended in forcing the respective rolling
surfaces 141 and 173 into rolling friction engagement is
minimized. The pressure release valve is provided to
reduce pressure on the fluid 238 when the omega plate
170 1s to be moved outwardly by rotation in a direction
opposite to the arrow 171.

It 1s to be noted that torque transmitted at the points
Pl and P2 of rolling friction contact will tend to rotate
the omega plate from the position in which it is held by
the pistons 204 and 208. The direction of this torque in
the two described embodiments of the invention is in
the direction of the arrow 171. As a result, excess torque
will tend to move the plate 170 toward the beta body
132 and down-shift the transmission speed ratio.

In FIG. 10 of the drawings, a further embodiment of
the mvention is illustrated with parts previously identi-
fied in FIGS. 1 through 8 having the same tens and
digits reference numerals but in a 300 series. As will be
understood from the ensuing description, the embodi-
ment of FIG. 10 combines features of the embodiment
illustrated in FIG. 1 with featuges of the embodiment
illustrated in FIGS. 5 and 6.

In the embodiment of FIG. 10, the beta body 332 is
constructed in a manner very similar to the beta body 32
of FIG. 1. Thus, the beta body 332 includes a central
shaft 336 on which a pair of cone members 338 and 340
are rotatably keyed by splines 342 for a measure of axial
adjustment relative to the shaft 336. As in the embodi-
ment of FIG. 1, hydraulic chambers are defined by
spaced seals 354 and 360 between the cones 338, 340 and
the central shaft 336.

The embodiment of FIG. 10, however, departs from
the embodiment of FIG. 1 in that like the embodiment
of FIGS. § and 6, the angle a of intersection between
the first and second axes 320 and 334 is adjustable by
virtue of support of the beta body at opposite ends from
the alpha body 322 by spherical races 353 connected to
shdable pistons 355 in cylindrical chambers 357. Thus,
introduction of hydraulic fluid into the chambers 357
will reduce the size of the angle a whereas the exhaust-
ing of fluid from the chambers 357 will result in increas-
ing the angle a toward 90°. Also like the embodiment of
FIGS. § and 6, the torque path from the beta body 332
to the output shaft 384 is by way of a bevel gear 390
keyed to the beta body shaft 336 and meshing with an
idler gear 389 journalled in the alpha body 322, to a
bevel gear 388 with which the idler gear 389 is in mesh-
Ing engagement.

An advantage of the embodiment of FIG. 10 is that
the omega plates 370 and 372 may be fixed in a station-
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ary, nonadjustable position directly to the casing parts
312 and 314, respectively. This feature results not only
in a simplification of the reaction components of the
transmission by elimination of means for adjusting the
one or both of the omega plates 370 and 372, but addi-
tionally facilitates grounding the omega plates or hold-
ing them against torque transmitted between the beta
and omega surfaces 341 and 373.

The hydraulic control system illustrated in FIG. 9
may be adapted to the embodiment of FIG. 10 by substi-
tuting for the mechanical linkage 214, 216, a hydraulic
line communicating with the chamber to the right of the
piston 208 in FIG. 9 with the chambers defined by the
seals 354 and 360 between the cone members 338 and
340 and the shaft 336 in the embodiment of FIG. 10.
The chamber to the right of the piston in FIG. 9 would
be closed and and it, together with all lines and cham-
bers in communication with it, would be filled with
hydraulic fluid. In all other respects, the hydraulic sys-
tem of FIG. 9 would be the same as that described
above. It should be noted that the proportioning of
hydraulic fluid operating to move the cones axially on
the shaft and hydraulic fluid operating to change the
angle a could not be predicated on the ball ramp system
of FIG. 3, as 1n the embodiments of FIGS. 1, 5 and 6,
but the configuration of the rolling surfaces 341 on the
cones 338 and 340 and of the omega surfaces 373 would
be designed to accommodate such proportioning.
~ In Light of the foregoing, it will be appreciated that
~ the geometry of these transmission embodiments 10, 110
- and 310 may be characterized by the locations of the
contact points P1 and P2 in relation to the first and
second transmission axes 20, 120, 320 and 34, 134, 334,
respectively. In particular, the rolling traction contact
points P1 and P2 always lie 1n the area of 2 plane defined
by the intersecting axes and more importantly, in an
- area subtending the first and second axes. This geome-
- try contributes to a range of beta and omega surface
configurations by which the radius ratio p range 1s mn-
creased substantially over known continuously variable
transmissions of the general class encompassing the
present invention.

Also it will be observed that the output/input speed
ratio 1s highest when the points of contact P1 and P2 are
near the small ends of the cone members 38, 138, 338
and 40, 140, 340 in all embodiments. As a result of this,
the moment arm through which the cones are held
against the plates 1s long at high speed/low torque oper-
ation and 1s reduced substantially at lower speeds and
correspondingly higher torques, assuming constant
power. Moreover, the generally radial configuration of
both transmission embodiments coupled with rotation
of the alpha body and the beta body directly with the
input enables the transmission to function in the manner
of a flywheel so that the input shaft 24, 124, 324 may be
connected directly to the crankshaft of an engine with-
out the need for a separate flywheel.

Thus it will be appreciated that as a result of the
present invention, a highly effective continuously vari-
able transmission unit is provided by which the princi-
pal objective, among others, are completely fulfilled. It
is contemplated and will be understood by those skilled
in the art from the preceeding description and accompa-
nying drawing illustrations, that changes and/or modifi-
cations may be made 1n the disclosed embodiment with-
out departure from the present invention. Accordingly,
it is intended-that the foregoing description and accom-
panying drawings are illustrative only, not limiting, and
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that the true spirit and scope of the present invention be
determined by reference to the appended claims.

I claim:

1. In a continuously variable traction drive transmis-
sion having a frame, an alpha body supported by said
frame for rotation about a first axis, a beta body sup-
ported by said alpha body on a second axis intersecting
satd first axis at a point of axes intersection and at an
acute angle of axes intersection, said beta body having a
pair of members on opposite sides of said point of axis
intersection for defining beta rolling surfaces of revolu-
tion about said second axis, omega body means for de-
fining a pair of omega rolling surfaces of revolution
about said first axis, said beta and omega surfaces being
in rolling friction engagement at two points of contact
in a plane containing said first and second axes, said two
points of contact being located on opposite sides of said
first axis and on opposite sides of said second axis, and
means for varying the radius ratio of said beta and
omega surfaces at said points of contact, the improve-
ment comprising:

means for defining said alpha, beta and omega bodies

so that satd points of contact always lie within said
acute angle between said first and second axes.

2. The transmission recited in claim 1, wherein said
means for varying the radius ratio of said beta and
omega surfaces comprises means for adjustably posi-
tioning said omega surfaces along said first axis and
means for adjustably positioning said beta body mem-
bers along said second axis.

3. The transmission recited in claim 1, wherein said
means for varying the radius ratio of said beta and
omega surfaces comprises means for adjustably posi-
ttoning said omega surfaces along said first axis and
means for adjusting said acute angle of axes intersection.

4. The transmission recited in claim 1, wherein said
means for varying the radius ratio of said beta and
omega surfaces comprises means for adjustably posi-
tioning said beta body members along said second axis
and means for adjusting said acute angle of axes inter-
section.

5. The transmission recited in claim 4, wheremn said
omega body means are fixed in said frame.

6. The transmission recited in either of claims 2, or 4,
wherein said beta surfaces are axially convex and said
omega surfaces are radially concave.

7. The transmission recited 1n claim 3, wherein said
beta surfaces are axitally concave and wherein said
omega surfaces are radially convex.

8. The transmission recited in either of claims 3 or 4,
wherein said means for adjusting said acute angle com-
prises translatable bearing means supporting said beta
body from said alpha body and force developing means
operative between said alpha body and said translatable
bearing means.

9. The transmuission recited in claim 8, wherein said
translatable bearing means comprises unitary means
supported by said alpha body for pivotal movement on
an axis intersecting said point of axes intersection and
perpendicular to both said first and second axes.

10. The transmission recited in claim 9, wherein said
beta body is supported by cradle bearings at opposite
ends, thereby presenting said beta rolling surfaces along
the full length of said beta body.

11. In a continuously variable traction drive transmis-
sion having a frame, an alpha body supported by said
frame for rotation about a first axis, a beta body sup-

ported by said alpha body on a second axis intersecting
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said first axis at an acute angle of axes Intersection, said
beta body having a pair of members defining beta roll-
ing surfaces of revolution about said second axis, and an
omega body defining a pair of omega rolling surfaces of
revolution about said first axis, said beta and omega
surfaces being in rolling friction engagement at two
points of contact, the improvement comprising:
means including said alpha body for supporting said
beta body on said second axis so that said points of
contact lie within said acute angle of intersection:

said omega body including a pair of annular members
supported by said frame on opposite sides of said
beta body; and

means for adjusting said beta body in relation to said

omega surfaces to vary the ratio of beta and omega
rolling surface radii at said points of contact.

12. The transmission recited in claim 11, wherein said
angle of axes intersection is near 90°. |

13. The transmission recited in claim 11, wherein said
beta body includes a shaft restrained to a position of
radial balance with said alpha body, and wherein said
pair of members on said beta body are oppositely con-
vergent cone members being rotatably linked to said
shaft.

14. The transmission recited in claim 11, wherein said
beta rolling surfaces are axially convex and wherein
said omega surfaces are radially concave.

15. The transmission recited in claim 11, wherein said
beta rolling surfaces are axially concave and wherein
sald omega surfaces are radially convex.

16. The transmission recited in claim 11, wherein said
adjusting means comprises a hydraulic system including
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17. The transmission recited in claim 11, comprising
means for axially adjusting said annular members and
including means for fixing one of said annular members
to said frame, means for axially adjusting the other of
said annular members, and means allowing axial move-
ment of said alpha body to center said alpha and beta
bodies between said annular members.

18. The transmission recited in claim 17, wherein said
means for moving said other annular member comprises
annularly oriented ramp means and means for rotatably
adjusting said other annular member

19. The transmission recited in claim 17, including
means for adjusting said acute angle of axes intersection
In accordance with adjusting movement of said annular
members.

20. The transmission recited in claim 17, including
hydraulic means for adjusting both said acute angle and
said other annular plate

21. The transmission recited in claim 20, wherein said
hydraulic means comprises first and second cylinder
units having first and second pistons therein respec-
tively, mechanical means for connecting said first and
second pistons, low pressure pump means in communi-
cation with said first cylinder unit on opposite sides of
said first piston for adjusting the position of said pistons,
and high pressure pump means for forcing said second

- piston in a direction to retain said beta and omega roll-

30

a low pressure unit for adjusting the relative positions of 35

said beta body and said omega surfaces and a high pres-
sure, small capacity unit for forcing said beta and omega
surfaces into rolling contact with each other.
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ing surfaces in frictional engagement with each other.

22. The transmission as recited in claim 21, including
mechanical linkage connecting said other annular mem-
ber with one side of said second piston, said high pres-
sure pump means being in communication with the
opposite side of said second piston.

23. The transmission recited in claim 22, including
conduit means for communicating fluid pressure at said
other side of said second piston with hydraulic pistons

for changing said acute angle.
* ¥ * * *x
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